Aim: To analyze clinical features and survival outcomes of patients with surgically-treated stage IV gastric cancer, in order to evaluate the suitability of surgery in these patients.
INTRODUCTION
Gastric carcinoma is the second leading cause of cancer-related death worldwide [1] . The 5-year survival for patients with gastric cancer is 30.6%. This decreases to 5.2% in patients with distant metastases, who comprise 35% of total patients with a diagnosis of gastric cancer [2, 3] . Liver metastases occur in 4%-14% of cases, while around 15% of patients develop pulmonary metastases [4, 5] . Approximately 70% of patients are considered ineligible for surgical treatment with curative intent at the time of presentation, due to the presence of locally advanced disease or distant metastases [2] . In addition, recurrence occurs in 30%-50% of cases, even after curative R0 resection, mainly in the first two years after gastrectomy [6, 7] . In this setting, neoadjuvant chemotherapy offers new perspectives in controlling systemic disease and downstaging locally advanced gastric cancer prior to surgery [8] . Moreover, several studies have reported promising outcomes of surgical resection in patients with advanced gastric cancer with hepatic or pulmonary metastases. However, the current guidelines are not consistent regarding the most appropriate treatment strategy. The Japanese Gastric Cancer Association (JGCA) and the National Comprehensive Cancer Network (NCCN) guidelines [9, 10] do not recommend surgery with curative intent in these patients, leading most patients with metastatic gastric cancer to receive palliative treatment. By contrast, the Guidelines Committee of the JGCA recently reconsidered the treatment of potentially resectable M1 disease in highly selected patients [9, 11] . The definition of "stage IV" gastric cancer has varied greatly over the last few years; the 7th and 8th versions [12, 13] of the American Joint Committee on Cancer (AJCC)/Union for International Cancer Control (UICC) 2010 tumor-node-metastasis (TNM) staging system clearly defined stage IV as any lesion with hematogenous metastases (M1), while previous versions [14] have also included "locally advanced" cases, such as lesions with massive (> 15) lymph node metastases (N3) or with direct invasion of adjacent structures (T4). The Japanese Classification of Gastric Cancer did not classify pancreatic head (station 13 and 17) and para-aortic (station 16) lymph node metastases as "distant" (M1) up until the 3rd English Edition in 2011 [15] , whereas western staging systems had accepted this concept long before [14] . Which patients with stage IV gastric cancer (either locally advanced or with M1) should be offered a surgical resection and the exact survival benefit of this remain unclear.
This study sought to systematically review the literature in order to evaluate the outcomes of surgical treatment for stage IV gastric cancer and to provide an update on the surgical treatment strategies for this condition.
METHODS
A systematic literature search was carried out on October 9th, 2017. All references from 2002 to 2017 were potentially eligible for inclusion in the study. The following search strategy was used in PubMed, MEDLINE and Embase: (((((((((("gastric cancer") OR "gastric carcinoma") OR "gastric neoplasm") OR "stomach cancer") OR "stomach carcinoma") OR "stomach neoplasm")) AND (("metastatic") OR metastas*)) AND (((("liver") OR "hepatic") OR "lung") OR "pulmonary")) AND ((((("surgery") OR "resection") OR "palliative surgery") OR "palliative gastrectomy") OR "surgical")).
A title search was conducted with title review of all identified references. Studies deemed unrelated to study aims were excluded. Abstracts for the remaining studies were retrieved and screened for relevance. Full papers were retrieved for all abstracts deemed potentially eligible. Full papers underwent authors' review and assessment of inclusion/exclusion criteria. Any disagreement during the search and selection process was resolved by consensus.
Inclusion criteria
• Papers presenting data regarding liver and pulmonary metastasis resection in patients with gastric cancer, without evidence of peritoneal metastases or metastases to other organs.
• Papers presenting data on patients undergoing palliative gastrectomy, defined as gastric resection without radical intent (microscopic or macroscopic residual disease) in patients with locally advanced disease or in patients with distant metastases.
• Original data (no review papers).
• Survival outcomes data available for at least 1 year following surgical resection. Papers relating to hepatic metastases must have reported at least the median survival time.
• Patient recruitment after 1980.
Exclusion criteria
• Non-English language studies.
• Full manuscript not available (e.g., abstracts presented at conferences).
• Studies with less than ten patients.
• Malignancy other than epithelial carcinoma [16, 17] .
The following data were collected: author details, country, recruitment period, study design, median followup, sample size, gender, positive and negative findings, and methodological quality. The primary outcome assessed was survival following surgical resection.
Considering the extreme heterogeneity of inclusion criteria of each paper, we aimed to review the literature descriptively without an intent of inference.
RESULTS
The original search returned 2434 papers. Figure 1 shows the study search strategy. Overall, 39 studies were included in the final review (26 for hepatic resection , 4 for pulmonary resection [44] [45] [46] [47] and 9 for palliative gastrectomy [48] [49] [50] [51] [52] [53] [54] [55] ).
Liver metastasis surgical treatment
The 26 studies included provided data on 933 patients who underwent gastrectomy and synchronous or metachronous hepatectomy. The median sample size was 24 patients (range 11-256). Baseline characteristics Table 1 and Supplementary Table 1 . The median age of patients undergoing hepatectomy was 64 years (range 57-72 years) and 78% of patients were males. There was a wide variety of disease burden in patients undergoing hepatectomy. Hepatic lesions were solitary and unilobar in 65% and 78% respectively. Fifty five percent of patients developed synchronous metastases, while 45% developed metachronous lesions. The majority of hepatectomies were minor resections for limited disease, although 42% of patients underwent major resections.
Details on chemotherapy used were also reported in 19 studies, including data on 775 patients. Of these, 15% received neoadjuvant chemotherapy and 46% received adjuvant chemotherapy. A wide variety of chemotherapy regimens were described, while seven studies did not state what chemotherapeutic agents their patients received . Survival outcomes are summarized in Table 2 . Median follow-up was 24 months (range 9-65 months). Twenty-one studies presented 1-year survival rates ranging from 36% to 96%, 19 presented 3-year survival rates ranging from 14% to 70% and 25 studies presented 5-year survival rates of between 9% to 42%. Median survival rates were 73%, 37% and 27% at 1-, 3-and 5-year respectively. Median overall survival was 22 months (range 9-52 months).
Seven of the 26 studies compared survival outcomes between resected patients and those who underwent chemotherapy alone. Surgery demonstrated a survival advantage in all of them.
Pulmonary metastasis surgical treatment
Eighty-three patients provided by four studies underwent resection of pulmonary metastases from gastric cancers. Resection of gastric cancer lung metastases has rarely been reported and few data are available regarding short-and long-term outcomes of this procedure. The majority of patients with pulmonary metastases from gastric cancer present with carcinomatous lymphangitis or pleuritis, whereas nodular lesions are less common [56] . Baseline characteristics are described in Table 3 and Supplementary Table 2 . Median age was 66 years (range 56-68 years), and males represented the majority of resected patients (83% vs. 17%). All patients underwent gastrectomy and subsequent pulmonary metastasectomy. Hundred percent of included patients displayed metachronous metastases and 73% of these were solitary lesions. Overall 39% of patients underwent lobectomy, while wedge resection or segmentectomy was performed in 61%. In 3 studies [45] [46] [47] , indications for performing surgery were decided based on Thomford's criteria [57] . Shiono et al. [44] did not specify the criteria for surgical resection. Details on chemotherapy were reported in 3 studies. No patients underwent neoadjuvant chemotherapy, while adjuvant treatment was carried out in 42% of patients.
Median follow-up was 25 months (range 18-27 months). Overall survival outcomes are summarized in Table 3 . Iijima et al. [46] reported an overall 3-year survival rate of 30%. Kobayashi et al. [47] showed a median survival time following pulmonary resection of 67 months and an overall 5-year survival rate of 59%, while Shiono et al. [44] reported a value of 28%. By contrast, Yoshida et al. [45] followed patients for a median time of 27 months and the overall survival rates at 1, 3 and 4 years were 100%, 100%, and 75%, respectively. None of the included studies reported data regarding palliative treatment arms involving chemotherapy alone.
Palliative gastrectomy
Nine studies providing data on 1115 patients who underwent palliative gastric resection were included [ Table 4 ]. One of these was a randomized controlled trial (REGATTA) [58] . The median sample size was 137 patients (range 23-218), and 68% of patients were males. Except for the randomized controlled trial, inclusion criteria and study structure were very heterogeneous between series and, consequently a comparison of results between them was challenging. In addition, in these retrospective studies, the indications for palliative gastrectomy were judged individually by surgeons based on patients' general health, performance status, symptoms, extent of disease, and feasibility of resection.
The minority of palliative resections were total gastrectomies, while 62% of patients underwent minor resection. Data regarding adjuvant treatment were reported in 7 of the 9 studies, and overall 71% of patients underwent post-operative chemotherapy; only one study reported data about neoadjuvant treatment [49] . Median overall survival was 12 months (range 8-53 months). In 6 of the 8 retrospective studies, a comparison with nonresected patients was carried out, and gastrectomy showed a significant survival advantage in 5 of them; however, these results had limitations related to the retrospective nature and the selection bias for surgery. In fact, in the REGATTA trial, the median overall survival was 16.6 months for patients assigned to chemotherapy alone and 14.3 months for those assigned to gastrectomy plus chemotherapy, in whom significantly higher rates of adverse events were also seen.
DISCUSSION
The most appropriate treatment in cases of stage IV gastric cancer is still debated. Indications and advantages of a surgical approach to treat advanced gastric neoplasms in comparison to conservative therapy such as chemotherapy have not yet been established. Gastric cancers are mostly of advanced stage at diagnosis. However, location and number of metastases, as well as patient characteristics, influence the benefit of surgical treatment and overall survival outcomes. This systematic review showed that surgery seems to play an important role even in patients with incurable gastric cancer.
In our study, surgical resection of gastric cancer with hepatic metastasis in the absence of peritoneal disease is associated with 1-, 3-and 5-year survival rates of 73%, 37%, and 27% respectively. Median overall survival was 22 months (range 9-52 months). Compared to the results of randomized controlled trials based on chemotherapy, hepatectomy seems to offer in selected patients better survival outcomes [59, 60] . Liao et al. [61] , consistent with previous reviews, described significantly improved overall survival in patients treated with hepatectomy compared to palliative chemotherapy. In light of these studies, the Japanese guidelines reconsidered the role of hepatectomy in the treatment of liver metastasis in gastric cancer, however, which patients may actually benefit from surgical treatment is still controversial. Medical comorbidities of patients undergoing hepatectomy were poorly described in the included studies, as were other confounders like metastasic features, use of neoadjuvant and adjuvant treatment, and surgical techniques. With regard to surgical approach, minor hepatectomy was performed more commonly than major resection (58% vs. 42%). Synchronous, multiple, or bilobar metastases were associated in some studies with poorer prognosis, but were not necessarily considered contraindications for surgery [24, 28, 35] . Chemotherapy was commonly used in the adjuvant and neoadjuvant setting. However, there was a wide variation in timing and regimens between studies. Therefore, from the current literature, the indications for a surgical approach to gastric cancer metastatic to the liver, in particular, the threshold for number of metastases and their location and the administration of chemotherapy in relation to surgery, remain undetermined.
Resection of lung metastases from gastric cancer has rarely been reported, and only small amounts of heterogeneous data are available regarding short-and long-term outcomes. The majority of articles present in the literature are case reports or small series. Only four studies were included in our evaluation. They reported favorable results in the surgical group; however, the series were small, and comparison between studies was difficult because of the heterogeneity of inclusion criteria for each study. Overall 3-year survival rates ranged from 30% to 100%. The frequent occurrence of extrapulmonary metastases before pulmonary metastasectomy restricts surgical treatment to highly selected patients [56] . In this setting, lung metastasectomy seems not to have a determined role in the standard management of these patients.
In the 1115 patients included in this review who underwent palliative gastrectomy, median overall postresection survival was 12 months. The rationale for non-curative gastrectomy was the reduction of tumor burden and/or the palliation of symptoms, such as obstruction, perforation, bleeding or ascites. In 6 of the 8 retrospective studies included in this review, overall survival of resected patients was significantly better than the nonresected group. However, all studies highlighted as a limitation, the possible relationship between these positive results and the selection bias of patients. A previous meta-analysis was consistent with these results [62] . Moreover, they analyzed survival rates of patients that received palliative gastrectomy with or without chemotherapy, and it was shown that surgery combined with chemotherapy offered a survival benefit [62] . By contrast, the results of the REGATTA trial showed no survival benefit of additional gastrectomy over chemotherapy alone, not justifying gastric resection in patients with metastatic gastric cancer [58] . In light of this randomized controlled trial, chemotherapy alone remains the standard of care for these patients, even though the chemotherapy regimen used in the REGATTA trial was based on S-1, which shows reduced tolerability in Western patients [63] .
In summary, from the present literature, a surgical approach for stage IV gastric cancer shows uncertain survival benefits and is not justified in all patients. Further randomized controlled trials are necessary to clarify the actual impact of surgery in these patients. Probably, surgery may play an important role in highly selected patients. Criteria to select patients who can benefit more from surgical treatment have not yet been identified, and this needs further investigation.
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